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EFFECT ENTRANCE CONDITIONS 
DIFFUSER FLOW 


ROBERTSON,? ASCE, AND DONALD Ross? 


experimental investigation was made the flow conditions conical 
diffusers when preceded relatively short lengths straight pipe and well- 
faired, large area-ratio contraction. Diffusers having total angles 5°, 
and 10° were studied when preceded 2-diameter, 5-diameter, and 9-diameter 
lengths straight pipe. The experimental measurements included pressure 
distributions along the diffusers and velocity traverses three more stations. 
was found that the area-ratio the diffuser the major geometric parameter 
governing the shape and extent the boundary layer. The extent the 
boundary layer the entrance the diffuser, given indirectly the length- 
diameter ratio the preceding straight pipe, important factor deter- 
mining the flow the diffuser angle. Within the range tested, the pressure 
efficiency was found function the product diffuser angle and 
effective entrance length; and the energy efficiency, although decreasing with 
increasing area-ratio, practically independent the angle and entrance 
conditions. was concluded that the only consideration which should affect 
the choice diffuser geometry the desired factor safety with regard 
separation. few the velocity traverses taken the experimental pro- 
gram indicated suggested the occurrence separation near the end the 
diffuser, was possible determine the critical values two velocity-profile 
form parameters. Methods for estimating the values these parameters 
any diffuser were developed. Thus, this study allows the prediction the 
mean flow conditions conical diffusers, least within the range the test 
variables. 
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DIFFUSER FLOW 


INTRODUCTION 


diffuser common hydraulic component which the flow expands 
and the kinetic energy high-velocity stream converted into potential 
pressure energy. well-designed diffuser can have fairly high efficiency, 
whereas one poorly designed will not only have lower efficiency but also may 
introduce deleterious flow conditions into the following sections the system. 
The type diffuser flow with which this paper concerned that which 
the diffuser preceded nozzle contraction and relatively short length 
straight pipe, venturi meter. Thus, the velocity profile the start 
the diffuser characterized uniform central core and thin boundary 
layer the edges. the flow proceeds down the diffuser, the boundary layer 
grows rapidly thickness until reaches the center, and the 
diffuser flow occurs. 

The prediction the flow conditions diffusers has long been major 
unsolved problem fluid mechanics. The chief complicating effect the 
presence the large adverse pressure gradient, whose exact influence the 
velocity distribution has defied mathematical analysis. Although many 
investigators have studied the flow air water expanding pipes and chan- 
nels, some the basic questions remain unanswered. most cases, the 
entrance conditions were either poor, unknown, otherwise such nature 
make the resulting data doubtful value. Usually, the range Reynolds 
numbers was too small allow scaling the data, and often certain basic 
quantities were not even measured. many cases two-dimensional diffusers, 
which the flow affected the secondary currents the corners, were 
studied. 

The present study diffuser flow was supplemented thorough review 
the literature the well-known, early experimental work 
Gibson (2) (3) the minimum head loss was found occur for about 53° (total 
angle) for circular and square pipes and about 11° for rectangular conduits- 
The German studies (4) (5) (6) (7) the air and water rectangular 
channels, with diffusion one plane only, culminated the work 
Nikuradse (8). His measurements resulted the most thorough study 
diffuser flow yet reported. Unfortunately, Mr. Nikuradse only presents 
velocity traverses taken one station where the flow was 
found instability and separation for total angles between and 10°. 
presented semi-rational treatment the results, which implies that the higher 
the Reynolds number, the smaller the angle will which separation occurs. 
Experiments similar the German work were reported Vedernikoff 
(9) who noted instability the end his 12° diffuser. 

George Lyon (10) found the maximum efficiency for conical draft 
tubes which the entering flow was uniform with only thin boundary layer. 
continuation Mr. Gibson’s work, Peters (11) found that, for angles 
less than 30°, the efficiency several percent greater with the nearly flat 
entering velocity profile than with the fully-developed flow. Neither these 
studies reveals much about the details the flow conditions. Other studies 
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DIFFUSER FLOW 


the flow conical diffusers, with fully-developed entrance flow, are those 
Gourzhienko (12) and Kalinske, ASCE (13). 

Other researchers have studied the rate growth and velocity profile 
boundary layer increasing pressure. Buri (14) developed method 
analysis based approximation certain terms the momentum 
equation Theodor von Hon. ASCE. Gruschwitz (15) (16) 
and Kehl (17) evolved empirical analysis based upon studies 
special channels. The work reported Binder (18) 1947 contains 
some truly two-dimensional diffuser studies analyzed fashion similar 
those analyzed Mr. Buri. Doenhoff and Tetervin (19) (20) (21) 
and Garner (22) have developed semi-empirical methods analysis 
which appear limited usefulness (1). more fundamental approach 
terms the turbulence mechanism has been initiated Fediaevsky (23) 
(24) and improved the writers (25). 

There appears need for more information the action boundary 
layer under adverse pressure gradient. More pressure and velocity measure- 
ments, well more information turbulence, are needed. Certainly, 
the effects entrance conditions diffuser flow are not well defined, and the 
conclusions implied the Nikuradse analysis need confirmation. This need 
for more information for use design analysis was the reason for the tests 
reported this paper. 


APPARATUS AND PROCEDURE 


Notation.—The letter symbols adopted for use this paper are defined 
where they first appear, the text illustration, and are assembled 
alphabetically for convenience reference Appendix II. 

Test measurements the flow diffusers were obtained 
the experimental water tunnel located the Hydraulics Laboratory 
The Pennsylvania State College State College. This facility, described 
elsewhere (26), consists system which water flows great 
per sec can pumped through aluminum test sections simulating nozzle, 
cylindrical pipe section, diffuser, and turn. Fig. shows typical test setup 
which the flow from the 18-in. pipe the left accelerated nozzle 
with discharge diameter in. cylindrical pipe section diameters 
long separated from the 7.5° diffuser gradual transition. The diffuser 
followed miter turn in. diameter containing rough turning vanes. 
The rate flow through the experimental tunnel was measured means 
calibrated rectangular weir. The pressure drop across the nozzle was cali- 
brated comparison with this weir and was then used secondary flow 
standard. The pressure distributions along the walls the various diffusers 
were measured wall piezometer holes connected differential manometers. 
Velocity distributions were measured several cross sections using cylindrical 
pitot tube. 

Diffuser Test Program.—The nature the flow the diffuser function 
the diffuser angle, the velocity distribution the entrance, and the Rey- 
nolds number the flow. Diffusers and total angle were tested, 
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preceded straight pipe-entrance lengths and diameters, over 
pipe Reynolds number— 


the pipe the entrance the diffuser; the diameter the pipe 
point; and the kinematic viscosity the fluid.) 10° diffuser was tested 
with 2-diameter and 5-diameter lengths pipe preceding it. The use the 


TUNNEL 


different entrance pipe lengths gave different boundary-layer thicknesses the 
diffuser entrance. The effective entrance length was.greater than the 
nominal length because the boundary layer had appreciable thickness 
the end the nozzle (27) and because continued grow the transition 
section before the effective start the diffuser. Correcting the nominal 
lengths for these two factors yielded the values the effective entrance 
lengths listed Table 

The pressures were measured throughout the length the diffuser, over 
the entire range Reynolds numbers, and velocity traverses were taken 
three five stations about three different Reynolds numbers. 

raw experimental data consisted readings differential 
manometers connected between wall piezometers between the static and 
dynamic holes pitot tube. The wall-pressure distribution data were 
handled converting them into pressure coefficients (differences pressure 
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between piezometer and standard reference piezometer divided the 


straight pipe velocity pressure) which were than grouped according the 


Reynolds number range which they were 

obtained. This procedure yielded average TABLE 
values the pressure coefficients ENTRANCE LENGTHS 
various locations the diffuser for certain 
Reynolds numbers. Because the data were 


grouped, these coefficients have accuracy 
somewhat greater than that any indi- 
vidual test reading. The velocity traverse 


data yielded values for the maximum 
velocity the estimated disturbance thick- 
ness and the displacement thickness 
and the momentum thickness obtained through integration the velocity 
profile according the following relations: 


Nominal length, diameters. 


and 


Eqs. are more significant measures the boundary-layer thickness than the 
apparent disturbance thickness The displacement thickness (Eq. 2a) 
represents the distance which the wall streamline effectively displaced 
into the fluid far affects the flow outside the boundary layer, and 
the momentum thickness (Eq. measure the momentum deficiency 
the boundary layer. 


Test 


The experiments indicated that the action diffuser the nearly uni- 
form entering flow increase the rate growth the boundary layer and 
change the form the velocity distributions, while lowering the velocity 
the uniform central core. This action illustrated Fig. which shows 
velocity and pressure changes for typical diffuser. 

Pressure the diffuser-pressure measurements were made 
with reference piezometer near the downstream end the working section. 
These measurements were reduced pressure 


—and handled the semi-statistical method previously referred to. For 
fundamental presentation, the pressures should referred that the actual 
geometric start the diffuser, defined the location the transition 
section where the projection the cylindrical entrance pipe wall intersects the 
projection the conical diffuser wall. Therefore, the pressure coefficients 
were corrected for the pressure loss between the reference piezometer and the 
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geometric start the diffuser, computed from the rate pressure drop 
measured the straight pipe (27). The resultant pressure coefficients are 
summarized elsewhere (28). Where data were available from more than one 
test series, the individual results were averaged and weighted favor the 
more reliable data. 

The pressure regained diffuser essentially governed the Bernoulli 
equation and the equation continuity. the diffuser expands, the average 
velocity must decrease maintain continuity, and the pressure must rise 
kinetic energy converted into potential energy. the fluid were ideal, the 
pressure coefficient could obtained directly from the geometry the diffuser: 


Api 


which Ap; the pressure difference between the geometric start 
the diffuser and the pressure the point question; the fluid density; 
the average velocity the entrance pipe; the section diameter; and 
the entrance pipe diameter. (Throughout this paper the conduit treated 
being horizontal. For treating inclined conduits should replaced 
Through the action shear forces, some energy lost and the 
kinetic energy content the flow altered, resulting pressure coefficient 
lower than the ideal value. The ratio the actual pressure coefficient 
the ideal value the diffuser-pressure efficiency useful quantity for dif- 
fuser analysis. The manner which the pressure efficiencies vary with the dis- 
tance along the diffuser illustrated Fig. Although there may slight 
downward trend, the efficiency essentially constant beyond distance 
diameters from the start the diffuser. From these and similar curves, 
terminal values diffuser-pressure efficiency were evaluated for each the 
eight test setups and for each Reynolds number. 

The manner which diffuser-pressure efficiencies vary with the working- 
section Reynolds number shown Fig. Over the range for which tests 
were made, the efficiency increases with increase Reynolds number the 
same fashion the drag streamlined body decreases, but disagreement 
with the implications the Fig. contour plot showing 
the terminal pressure efficiency function effective pipe-entrance length 
and diffuser angle Reynolds number 1.5 was expected, 
the efficiency decreases with increase either these quantities. That the 
diffuser angle and pipe-entrance length should nearly equal importance 
determining the diffuser efficiency was not expected, but that this approxi- 
mately the case shown This interpolation curve shows the pressure 
efficiency plotted against the product diffuser angle and the effective 
pipe-entrance length, All the experimental points lie close single 
curve, and this curve may used predict the diffuser efficiency for diffuser, 
Reynolds number 1.5 10°. 

The pressure efficiency data obtained with the experimental water tunnel 
established the importance the entrance conditions par with the diffuser 


Sin 
| 


| 
} 
ut 
4 
| 
= 
| 
| 
q 
- 


DIFFUSER FLOW 


angle. Although had been known that entrance conditions were important, 
the full extent this effect had not been realized. For any diffuser satisfying 
the foregoing limits, the efficiency may estimated with the aid Figs. and 

None the diffusers tested exhibited separation, although two them 
(10°, 5-diameter and 9-diameter) were close this condition. 
expected that the diffuser-pressure efficiency will drop appreciably 
with the onset separation and its consequent high energy loss. The proba- 


0.95 


0.85 


Pressure Efficiency, 


0.80 


Values 


ANGLE AND THE EFFECTIVE ENTRANCE LENGTH (Ro 1.5 


bility separation also function the increase area the diffuser and 
consequently prediction can based angle and entrance conditions 
alone. From these tests, the product effective pipe-entrance length (in 
diameters) and diffuser angle should less than reasonably certain 

Velocity pressure distributions give indication 
the action diffuser, not possible obtain complete picture without 


velocity-distribution measurements various planes the diffuser. The 


change shape the velocity profile has already been depicted Fig. 
Fig. 7(b) presents sample traverses various stations diffuser preceded 
5-diameter pipe-entrance length entrance Reynolds number 
1.5 Besides showing the change shape the velocity profile the 
flow proceeds down the diffuser, these curves show the increase boundary- 
layer thickness and decrease core velocity. These profiles are similar 
those reported other investigators. 

The major objective the diffuser flow studies was determine the 
variation the velocity profiles with the distance from the start the diffuser, 
diffuser angle, entrance conditions, and Reynolds number. was found that, 
within the accurary the experiments, the effect the Reynolds number the 
shape the velocity distributions was negligible. This illustrated the 
data presented Fig. 7(a) for three locations 7.5° diffuser. The scatter 
typical the velocity measurements. 
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the function diffuser expand the flow from one area another, 
logical compare velocity traverses different angle diffusers the 
same relative section areas diameters. Fig. presents traverses taken 
the three diffusers for the same entrance conditions, locations having 
areas 1.87 and 2.85 times the straight pipe area. (This latter ratio called 
the area-ratio, was expected, the difference between the three 
angles marked. The diffuser has the thickest boundary layer, whereas 
the 10° diffuser has the lowest apparent wall velocity. The angle effect, 
however, considerably less than the area-ratio effect. 


(b) EFFECT ENTRANCE 
LENGTH 
7.5° DIFFUSER 


0.1 0.2 0.3 0.4,0 0.1 0.2 0.3 
Ratio, 


The final factor influencing the diffuser velocity profiles the thickness 
the entering boundary layer. This thickness was varied primarily 
changing the length the straight pipe preceding the diffuser. Fig. 
shows traverses two stations the 7.5° diffuser for nominal pipe-entrance 
lengths and diameters. These curves show marked increase 
effect with increase entrance boundary-layer thickness. Qualitatively, 
the pipe-entrance length and diffuser angle appear about equally important 
determining the velocity profile, they are determining the diffuser- 
pressure efficiency. 

The characteristics flow have been depicted Figs. and 
For quantitative analysis, each traverse must characterized the values 
certain parameters. The boundary-layer thickness may expressed 
the disturbance thickness, This quantity difficult define, but for 
analytical purposes more convenient use the displacement and momentum 
thicknesses defined Eq. useful properties are the ratio the 
maximum average velocity the ratio the true kinetic energy 
that based the average velocity, and some parameter characteristic the 
shape the velocity distribution. Other researchers (18) have found that the 
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velocity distributions tend follow power law the form: 


The exponent thus serves convenient form parameter. (Although the 
power-law velocity distribution did not fit the measured velocity distributions 
too well, was used because simplicity.) 

For each the experimental velocity distributions the displacement and 
disturbance thicknesses and the ratio the maximum average velocity 


0.15 


Diffuser 
7.5° Diffuser 
10° Diffuser 


Values 


THE MOMENTUM THICKNESS 


were obtained graphical integration. log-log plot the traverses, 
the best fitting was drawn. The slope this line gave the exponent 
Eq. and the intercept with was chosen define the disturbance 
thickness From the exponent and the ratio 6/D, the kinetic energy 
coefficient was computed with the aid the equation: 


The measured values the foregoing quantities are presented elsewhere (28). 


Inspection the data indicates that the extent the boundary layer any 
point decreases slightly with increase the Reynolds number. However, this 
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effect, which agreement with the upward trend the pressure data, 
smaller than the experimental scatter, and, therefore, the data for all Reynolds 
numbers were averaged. 

Boundary-Layer graphical presentation the variation the 
displacement thickness with distance from the start the diffuser shown 
Fig. 9(a), for the various diffusers and entrance conditions. The rate growth 
the boundary layer much greater the 10° diffuser than the diffuser. 


6 


Parameter 


Diffuser 
Diffuser 


Diffuser 


Values 


noted previously, one would expect plot this thickness function 
area-ratio give more useful comparison the data for different diffusers. 
Actually, such plot eliminates the variation with diffuser angle, leaving only 
variation with entrance conditions. Empirically, was found that the data 
could reduced single curve plotting 6*/D, against 
shown Fig. This plot not only summarizes all the diffuser data but 
also represents the growth the displacement thickness the entrance region 
straight pipes (Ar 1). 

The growth the momentum thickness presented Fig. using the 
same abscissa. this case, seen that the area-ratio does not account 
completely for the angle variation, but that the variation with entrance 
conditions satisfactorily compensated. The straight pipe growth, shown 
the dashed line, seen diverge from the other curves the manner ex- 
pected. The residual effect diffuser angle probably due the effect 
wall shear the boundary-layer growth. 


> 

2 

* 

ars 
= 

2.0 
° 

- 0 

1.0 

‘ 
OF 

he 

i 

x 

| 


DIFFUSER FLOW 


The ratio the displacement thickness the momentum thickness 
common form parameter used characterize the velocity profile and 
indicate the proximity separation. This easily computed from the data 
presented Fig. 9(b) and Fig. 10, and the resulting values are plotted Fig. 11. 
The scatter these data large that difficult define average curves. 
However, the trend-curves shown this figure were obtained from the average 
curves Fig. and Fig. values 


0.6 


Values 


> 


Area Ratio, 


less than might expected, the 10° diffuser has the highest 
value, and hence nearer separation, any given station for specific entrance 
conditions. 

The results the power-law analysis the diffuser velocity profiles are 
shown Fig. 12, which the exponent plotted function the area- 
ratio. Beginning with the value which occurs the end the straight 
pipe, the exponent increases directly with log Ar. This logarithmic variation 
applies developing boundary layer, but probably does not hold when the 
boundary layer completely fills the diffuser. The variation with diffuser 


angle and entrance conditions not definite, although the product seems 


determine the position the curves moderate values and 
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Occurrence the velocity traverses taken near the 
downstream end the 7.5° diffuser preceded 9-diameter pipe-entrance 
section and the 10° diffuser with 5-diameter entrance section suggested that 
separation was occurring near these stations. This condition was indi- 

flow asymmetries zero 


TABLE velocities near the wall. Inan 
attempt establish the conditions 
SEPARATION under which separation occurs, 
large number traverses were taken 
near the end the 7.5° diffuser. 
The results these tests, together 
with those the 10° diffuser, are 
1.95 Normal 2.24 0.71 
2.35 0.78 the lower Reynolds numbers. Values 
listed Table for those cases 
Separation seems occur for values 
0.85 2.57 0.85 0.8. noted the discussion 
pressure efficiency, separation can 


60. 

Energy Relations Central existence flat central core 
diffuser flow has been shown all plots diffuser velocity distributions. 
this region, outside the wall boundary layer, the transverse velocity gradient 
zero, and there are shear stresses. follows that there energy loss 
this region, and that the sum the static pressure and core-velocity pressure 
must constant. Table gives the static and velocity-pressure coefficients 
and their sum for the 7.5° diffuser tests. Within experimental accuracy the 
specific energy the core constant, fact which value relating the 
velocity distributions the pressure coefficients diffuser flow. 

Diffuser Energy pressure efficiency used this paper 
the ratio the diffuser-pressure rise the ideal value for frictionless diffuser. 
This efficiency simple measure the effectiveness the diffuser, the 
ideal pressure coefficient determined solely the diffuser area-ratio. How- 
ever, this does not take into account the changes the kinetic energy the 
flow and hence not true efficiency. The efficiency diffuser circuit 
element the ratio the discharge energy flux the input energy flux, the 


i 
>. 
f 
; 
Ne 
4 


DIFFUSER FLOW 


TABLE RELATION THE CoRE 7.5° DIFFUSER 


(a) (b) (c) 
3.5 6.4 10.4 
Pres- Ber- Pres- Ber- Pres- Ber- 


-684 0.792 0.250 1.042 —0.007 0.759 0.326 1.085 0.749 0.407 1.156 +0.021 


Difference from initial value (Col. for 1.000). 


entering energy minus the energy losses divided the entering energy: 


2 
e 2 


The pressure not included the expression for the entering energy because, 
itself, does not represent capacity work the only 
entering energy the kinetic energy. Determining the losses from the 
Bernoulli theorem, the efficiency 


p Po ta 2 a D, 4 


which the subscript refers the entrance conditions. The energy 
ciency related the pressure efficiency the formula, 


From Eq. may seen that for very large area-ratio diffuser, the energy 
efficiency becomes less than the pressure efficiency. For small area-ratios, 
greater than and close unity. 

Values the energy efficiency have been computed from the diffuser 
measurements using Eq. 8b. The variation with the Reynolds number 
was found less than the variation because the slight decrease 
with increase For average test Reynolds number the 
energy efficiencies, area-ratio about are listed Table together 
with the corresponding values the pressure efficiency. The energy efficiency 
seen more constant factor than the pressure efficiency. reasonable 
value for diffuser efficiency area-ratio three, without separation, 
0.95. 
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The energy efficiency higher than the pressure efficiency. Neither 
these terms, measured, completely accounts for the action the diffuser 
circuit element. These efficiencies are for stations the end diffuser, 

but the diffuser has effect the flow the 


TABLE 4.— following section. Determination the true 
DIFFUSER diffuser efficiency must include analysis the 
EFFICIENCIES energy changes introduced into the following sec- 


Table were followed straight pipe, there 
would some additional pressure increase and 
energy loss resulting from the redistribution 


L/Do 


3 


3.3 0.93 0.965 
the velocities. The resulting pressure efficiency 

would higher, whereas the final energy 
6.4 0.865 0.94 efficiency would lower. 

3.6 0.88 0.945 
Peters (11), and used other authors, the 


diffuser energy conversion efficiency. This the 

ratio the increase potential energy the 
decrease kinetic energy. This efficiency was not used analyzing the 
present data because not suitable circuit parameter. For large 
area-ratio diffuser, the energy conversion efficiency only slightly less than 
the energy efficiency. However, for small area-ratios, this efficiency becomes 
indeterminate. 


SUMMARY 


The analysis the diffuser test data obtained the experimental water 
tunnel has revealed eight general properties for the flow the entrance region 
conical diffuser: 


The effect the Reynolds number the flow small, there being 
slight increase the pressure efficiency and slight decrease the extent the 
boundary layer with increase the entrance pipe Reynolds number. There 
even less variation the energy efficiency. 

The area-ratio the diffuser the major geometric parameter governing 
the shape and extent the boundary layer. 

The extent the boundary layer the entrance the diffuser, given 
indirectly important factor determining the diffuser flow 
the diffuser angle Within certain limits, the pressure efficiency and 
the velocity profile are functions the product L/D, times 

The Bernoulli energy (total head) constant the uniform central core. 

Although decreases with increase area-ratio, the energy efficiency 
practically independent angle and entrance conditions, having value 
0.95 area-ratio three. 

The boundary-layer displacement thickness unique function 
the relation also being applicable straight pipe. The mo- 
mentum thickness function the same parameter and the angle 
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Separation occurs for values greater than 2.4 and greater than 
0.8. Neither these form parameters can correlated too well with geometric 


parameters near separation. the product less than 60, separation 


should not occur for area-ratios about 

The diffuser efficiency practically constant long separation does 
not occur; therefore, the only factor affecting the choice diffuser geometry 
the desired factor safety with regard separation. 


The results presented this paper should enable the design diffusers for 
the conditions encountered water and air tunnel practice and other large 
structures which the type entrance conditions studied occur. 

The manner which this information would applied the design 
diffuser illustrated Appendix III where the design analysis given the 
diffuser for the large high-speed water tunnel (30) built The Pennsylvania 
State College for underwater ordnance research. 
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APPENDIX II. LIST SYMBOLS 


The following letter symbols, adopted for use this paper and its discus- 
sion, conform essentially with American Standard Letter Symbols for Hydraulics 
prepared committee the American Standards 
Association, with ASCE participation and approved the Association 1942: 


area; 
area-ratio; 
coefficient; 


diameter; section diameter; 

diameter the pipe the entrance the diffuser; 

boundary-layer form parameter; ratio displacement thickness 
momentum thickness; 

length; effective length pipe entrance; 

exponent velocity distribution power law; 


DIFFUSER FLOW 
pressure per unit area; static pressure intensity (for nonhorizontal 
pressure difference measured from the start the diffuser; 
Ap; ideal pressure difference between the geometric start 
the diffuser and the pressure given point 
question; 
Reynolds number; 


pipe Reynolds number entrance the diffuser (Eq. 1); 

average velocity, ratio discharge area; 
average value the pipe the entrance the diffuser; 

temporal mean velocity point the direction the tunnel axis; 
velocity outside the boundary layer; 

distance the direction flow; 

transverse distance measured from the surface; 

elevation above arbitrary datum; 

kinetic energy coefficient; ratio the true kinetic energy that based 

the average velocity; 

kinetic energy coefficient the entrance the diffuser; 

total angle the diffuser; 

specific weight fluid; 

boundary-layer disturbance thickness; 

boundary-layer displacement thickness, Eq. 2a; 

efficiency: 

energy efficiency; 
pressure efficiency; ratio the diffuser-pressure rise 
ideal value for frictionless diffuser; 

boundary-layer momentum thickness, Eq. 

kinematic viscosity the fluid; 

fluid density. 


APPENDIX III. WATER TUNNEL DIFFUSER DESIGN 


The manner which the information obtained this study would 
applied the large structure illustrated the design the 
diffuser the 48-in. high-speed water tunnel for which these tests were run. 
The water tunnel shown Fig. 13, from which can seen that the struc- 
ture considerable size, being nearly 100 long. The principal diffuser 
the circuit that which extends from the 4-ft-diameter working test 
section (in middle upper leg) the turn immediately preceding the propeller 
pump (in the right-hand part the lower leg) (30). divided into two 
parts the first miter turn. The analysis the experimental studies 
diffuser flow presented this paper indicates three methods determining 
the diffuser angle from knowledge the area-ratio and the entrance conditions. 
each case, the analysis based the avoidance separation the diffuser. 

The area-ratio this diffuser was fixed 4.2 the working section 
diameter and the diameter the second turn The equivalent 
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pipe-entrance length was calculated adding the 3.5 diameters (14 ft) 
the actual working section diameters for the equivalent lengths added 
the nozzle and transition sections. Adding additional diameter, allow 
for possible effects models, gave total effective working section length 
6.5 diameters. 


VIEW THE GARFIELD THOMAS WATER TUNNEL 


The three methods diffuser design were based the exponent the form 
parameter and the analysis the pressure efficiency. The critical value 
the power-law exponent for the occurrence separation was found 
approximately 0.8. Taking 0.75 the maximum design value Fig. 
shows that, area-ratio 4.2 and ratio L/D, close 6.5, the 
angle should slightly less than 7.5°. The value for separation was 
found 2.4, and 2.3 was taken design value. Extrapolating the curves 
Fig. 12, and interpolating between and 7.5° angles for 6.1, 
yields angle about third way obtaining the design angle makes 


use the fact that separation occurs for values greater than 60, 


noted the discussion pressure efficiency. Taking the value 
safe value, the diffuser angle for L/D, 6.5 was 7.7°. 

The three methods all yield values the diffuser angle approximating 
these analyses included small margin safety account for 
various possible disturbing factors, such the effect the first turn between 
the two parts this diffuser. the H-analysis was inaccurate, less weight 
was placed it, and angle was chosen for the water tunnel design. 
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Besides yielding design for the water tunnel diffuser, the analysis enables 

prediction the flow conditions the diffuser. The two points interest 
are the stations immediately preceding the first and second turns. For these 
stations the boundary-layer thicknesses and velocity-form parameters, well 
the pressure and energy efficiencies, were computed. The displacement 
and momentum thicknesses are obtained from Fig. 9(b) and Fig. 10. The 
power-law exponent can estimated from Fig. 0.60 and 0.68 the 
two locations. The pressure efficiency given Fig. with Reynolds 
number correction based 


Fig. The kinetic 

computed from Eq. 

yielding values 1.65 

and 1.85. The energy 

efficiency from Eq. 

0.95 with pressure effi- 


The computations 
show that both sta- 
tions the boundary layer 
not fully developed, 


PRECEDING 
SECOND TURN 


Velocity Feet per Second prediction does not agree 


energy efficiencies are con- 


stant, and only the entering kinetic energy Although the power 
law known inexact, was used predict the approximate velocity 
distributions the two stations. These are shown Fig. 14. Obviously 
expected that the sharp breaks the outer edge the boundary layer 
will rounded. 
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